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57 ABSTRACT

There is disclosed in an optical system having a predeter-
mined Numerical aperture which provides a corresponding
level of spatial resolution and having detector means and
processor means in which image data is obtained comprising
noisy blurred scene data containing an object to be
reconstructed, and noisy blurred background data of the
same scene, an improved method for increasing the spatial
resolution of the imaging data produced by the diffraction
limited optical system. The improvement comprises filtering
the noisy blurred background data of the same scene to
obtain noise suppressed data; applying estimations of point
spread functions associated with the noise suppressed data
and optical system to estimates of the noise suppressed data
to obtain a reconstructed background image (I,(x)); and low
pass filtering the noisy blurred scene data containing the
object to be reconstructed (D1) and using the reconstructed
background image (I,(x)) to eliminate the background data
from the image data to obtain a reconstructed image of an
object with increased spatial resolution.

34 Claims, 17 Drawing Sheets

SUPER-RESOLUTION FLOW CHART
NON-LINEAR TECHNIQUE

INPUTS

binmap -- SPECIFIES THE POSITION IN
THE SCENE OF THE OBJECT TO BE
SUPER-RESOLVED

binotf -- SPECIFIES THE POSITION IN
THE FOURIER PLANE OF THE NONZERO
SPATIAL FREQUENCIES OF THE off.

D1 - THE NOISY BLURRED SCENE DATA
CONTAINING THE OBJECT TO BE
RECONSTRUCTED.

D2 -- THE NOISY BLURRED BACKGROUND
DATA OF THE SAME SCENE

otf -- THE OPTICAL TRANSFER FUNCTION OF
THE OPTICAL SYSTEM {L.E. THE COMPLETE
IMAGE FORMING SYSTEM}

|

USE METHOD OF SIEVESTO
REMOVE NOISE FROM D2.
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WHERE h3, h4 ARE 2 AND &'
PIXEL WIDE POINT SPREAD
FUNCTIONS (psf's) WHICH
REMOVE NOISE BY AVERAGING
ADJACENT PIXELS TOGETHER,
AND hq IS THE OPTICAL SYSTEM
psf (i.e. THE FOURIER
TRANSFORM OF THE off INPUT}

CONSTRUCT NEW psf's TO ACCOUNT FOR
|+ THE COMBINED EFFECT OF THE METHOD
OF SIEVES AND THE OPTICAL SYSTEM.

37tk = 238 - o) (0. 8(d)
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USE THE RICHARDSON-LUCY
ALGORITHV TO RECONSTRUCT THE
50—  BACKGROUND SCENE D2.

RECONSTRUCTED
BACKGROUND IS /).
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USE BACKGROUND SUBTRACTION
_| ALGORITHM TO SUPER-RESOLVE
60— OBJEGTINDI. RECONSTRUCTED
OBJECTIS G[¥).

OUTPUT -- RECONSTRUCTED
IMAGE OF THE
SUPER-RESOLVED
OBJECT Gx).




